Introduction
Over the past three decades considerable variation in the number of chromosomes of the red fox, Vulpes fulva, has been reported , with diploid counts ranging from 34 to 42 (Table 1) . Even discounting some of the earlier Table 1 . Reported chromosome numbers in the fox, Vulpes fulfva studies which employed less precise techniques than those used today, we still encounter reports of variations in chromosome numbers. Gustavsson and Sundt (1965) found different modal numbers for each of four red foxes from two different commercial fox farms; in an earlier study Gustavsson (1964) reported 38 chromosomes for the red fox. Moore and Elder (1965) , on the other hand, failed to find any variation in chromosome number in the animals they studied and reported a diploid count of 38 chromosomes, although they noted that frequently a smaller number was found and attributed this dis crepancy to the "loss" of one or more microchromosomes in the process of preparation.
In a recent paper reporting the presence of what he terms supernumary chromosomes in the harvest mouse, Reithrodontomy megalotis, Shellhammer (1969) has stated that accessory chromosomes have been reported in commer cially raised foxes but that they have not been observed in the wild state.
However, Sasaki et al. (1968) , and more recently Makino (1969) , in an abstract of the same study, have shown that microchromosome polymorphism does occur in both wild and domesticated foxes in Japan. The purpose of this paper will be to describe the results of our study of the chromosomes of the red fox, Vulpes fulva, in the United States.
Materials and methods
Two males and three females of the wild red fox, Vulpes fulva, and one female red fox from a commercial fox farm, were used in this study. The wild foxes were taken in the vicinity of Hanover, New Hampshire, USA; the domesticated fox was obtained from a commercial fox farm in Land O'Lakes, Wisconsin.
All animals were adults except a cub which weighed 850 grams and is designated female number four in Table 2 .
Chromosome preparations were obtained by short term leucocyte culture, according to the method of Moorhead et al. (1960) ; from explant cultures as described by Basrur et al. (1963) ; from bone marrow cells using a technique previously described (Benirschke et al. 1962) ; and/or kidney cell cultures using a modified procedure originally described by Rappaport (1956) . All cells were fixed in glacial acetic acid and methyl alcohol (1:3); slide prepara tions were then air or flame-dried and stained either with aceto-orcein or carbol fuchsin. Fig. 1 . Karyotype of male red fox, number one (Table 2) , Vulpes fulva, showing arrangement of chromosomes into three groups.
Since it had been suggested that the variable number of chromosomes in the fox might be caused by a loss of microchromosomes during slide preparation and was, therefore, artifactual and due to cell rupture (Gustavsson 1964, Moore and Elder 1965) , cell cultures were established in large Leighton tubes containing standard microscope slides. At a time when the cells were rapidly dividing, colchicine was added to the cultures to accumulate metaphase figures; subsequently, the monolayers were treated with hypotonic saline and then fixed by flooding the culture tubes with fixative. In addition to preserving the integrity of the cells, it was hoped that this technique would allow us to determine the possible association of the microchromosomes with the larger chromosome of the complement and/or with each other.
Chromosomes were studied autoradiographi -cally according to method previously described (Low and Benirschke 1966) . Exposure times varied from 7-14 days. In essence, 6 hours prior to interruption cultures were exposed to 3H-thymidine. Following fixation and staining, chromosome spreads were photograph ed.
After exposure suitably labeled mitoses were rephotographed and karoytypes were prepared of labeled and unlabeled chromosomes.
Results
Other investigators have generally divided the chromosomes of the fox into two groups, the larger group consisting of 16 pairs with medially or submedially located centromeres (arranged karyotypically in descending order of size), and a smaller group of microchromosomes of variable number which, in the male, includes the Y chromosome. The X chromosomes were des cribed as medium size submetacentrics. Although admittedly somewhat arbitrary, since there is a nearly continuous transition from metacentric to submetacentric, for purposes of this study, and with the hope of detecting chromatid deletions, we have arranged the chromosomes into three groups as shown in Fig. 1 . In descending order of size within each of these groups, the first consists of 7 pairs of metacentrics and the second is composed of 10 pairs of submetacentrics and the X. The third group, when present, is made up of a variable number of relatively small elements including the Y chromosome. With the possible exception of the Y, which in excellent preparations appears to have a submedially located centro mere, the morphology of this group is difficult to ascertain. In some spreads these elements appear to have a terminal or subterminal centromere while in others the arms, although closely aligned and invariably paired, show no obvious connecting structure (Fig. 1 ). Although we have paired the micro chromosomes in those karyotypes in which there are more than one of these elements, we do not know at this time whether they are homologues. Moreover, since in this study we have analyzed many metaphase spreads having an odd number of microchromosomes it is perhaps reasonable to assume that they are not diploid sets.
The results of chromosome counts on the animals studied are summarized in Table 2 . As in the recent report by Sasaki et al. (1968) this analysis indicates that the variation in the number of microchromosomes in different cells of the same and in different foxes gives rise to the differences in numbers recorded. Contrary to their findings, however, which suggested to them a diploid number of 38 for the fox, a figure which is not consistent with the model numbar of 37 shown in their Table, the modal number which we obtained for the six animals studied was 35. If, on the other hand, we look at the chromosome counts for each animal studied, we find modal numbers of 35, 36, 37, and 38. In all six animals, however, the modal number of the macrochromosomes was constant: in the females, 34 including the X chromosomes; in the males 33 including the X chromosome plus the Y. however, the number of microchromosomes ranged from none to seven. In the two male foxes these elements ranged in numbers from 3 to 7 with a modal number of 5. (Gustavsson and Sundt 1965, Moore and Elder 1965) . Analyses of spreads prepared in this manner failed to reveal any apparent difference in the number or arrangement of the chromosome comple ment; consistent association of the minute elements with macrochromosomes or with each other, however, was not observed. Neverthe less, it was noted in some of the cells photographed that small pieces of chro matin material seemed to be breaking off the ends of the arms of some of the macro chromosomes (Figs. 2, 3, 4 and 5). In other chromo somes, pieces of equal size were detaching from the right and left arms, while in others only one arm appeared to contribute a fragment. Occasionally we observed a fragment that was completely detached while a second fragment appeared to be still in the process of separation having a strand of lightly staining material still connecting it to the macrochromosome.
In other spreads some chromosomes had prominent terminal secondary constrictions which one might speculate could readily break off thereby giving rise to chromatin fragments (Figs. 6 and 7 ).
Figs. 6-7.
Metaphase spreads of female, number four ( as a result of cell rupture at the time of slide preparation (Gustavsson and Sundt 1965, Moore and Elder 1965) , the results of this study suggest that this may not be the cause of the variation in cell count. Consistent with the suggestion of Gustavsson and Sundt (1967) that the microchromosomes are heterochromatic, the results of our preliminary auto radiographic study showed the single microchromosome of the cub to be late labeling. Whether or not, as further suggested by Gustavsson and Sundt (1967) , the microchromosomes are genetically inert fragments that are being eliminated from the chromosome complement remains to be proven.
Because of the variation in the number of chromosomes reported for the fox by different investigators, it has not been possible to establish a consistent diploid number for this species. Thus Todd's (1970) recent sugges tion of a basic diploid count of 38 for pedigreed stock does not seem to be well founded. While a modal number of 38 has been established by some investigators, the results of this study and others makes it quite apparent that this number may vary, for both domesticated and wild foxes, not only in different individuals, but also between cells of different tissues from the Cytologia 37 same animal.
The number and apparent morphology of the macrochromosomes of wild and domesticated foxes in this study and others, however, has been notably constant at 32 autosomes and one pair of sex chromosomes. It may thus be reasonable to suggest a modified convention for describing chromo some counts for this species similar to that suggested by Sasaki et al. (1968) . Thus, an animal having a modal number of 36 chromosomes would have a diploid count of 2n=34 plus 2 microchromosomes, i.e., 2n=34+2m.
Summary
Studies of the chromosomes of a domesticated and five wild red foxes, Vulpes fulva, have produced chromosome counts of 35, 36, 37 and 38. Karyotypic analyses revealed that variations in the number of microchromo somes produced this polymorphism; moreover, it is suggested that these microchromosomes may arise from fragmentation of the macrochromosomes. Because it has not been possible to establish a consistent chromosome count for this species, it is further suggested that 2n=34 be used to describe the basic diploid count and that the number of microchromosomes present be added to this figure. Thus, a total chromosome count of 36 would, by the suggested system, be recorded as 2n=34+2m.
